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(57) ABSTRACT

An arrangement for uninterruptible power supply with a rec-
tifier, an energy store, an inverter with an input, a switch and
a controller. The rectifier is connected to a rectifier input to a
supply grid (AC 1), the energy store is connected to a rectifier
output and to an inverter input. A network (AC 3) to be
protected is connected to an inverter output of the inverter.
The rectifier input or a supply grid (AC2) is connected via the
switch to the inverter output, wherein the rectifier, the inverter
and the switch are controlled by the controller, wherein the
arrangement includes sensors for measuring voltages and/or
currents. Each sensor is connected via a sensor output to
exactly one controller and each sensor is configured to con-
vert a parameter to be measured into a low-voltage signal.

14 Claims, 1 Drawing Sheet
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ARRANGEMENT FOR AN
UNINTERRUPTIBLE POWER SUPPLY

BACKGROUND OF THE INVENTION

(1) Field of the Invention

The present invention relates to an arrangement for an
uninterruptible power supply with a rectifier, an energy store
for storing electrical energy, an inverter, a switch or switching
means, and a controller. A rectifier input of the rectifier can be
connected to a supply grid. The energy store is connected to a
rectifier output of the rectifier and to an inverter input of the
inverter. A network to be protected or a load to be protected
can be connected to an inverter output. The rectifier input or
the supply grid can be connected via the switching means to
the inverter output, and the rectifier, the inverter and the
switching means can be controlled by the controller.

(2) Description of Related Art

Various arrangements for an uninterruptible power supply,
abbreviated as UPS, are known in the art. A differentiation is
made between the type of an offline UPS and the type of an
online UPS.

When the supply grid is undisturbed, a UPS in offline
operation, also referred to as voltage and frequency depen-
dent UPS (VFD-UPS) or passive UPS, conducts the current
directly from the supply grid via the closed switching means
to the network to be protected or the load to be protected. The
rectifier charging the electrical energy store is also supplied
from the input. When the supply from the grid is interrupted,
the switching means switch over to connect the output of the
inverter, which is supplied from the rectifier or the energy
store, with the network to be protected or the load to be
protected.

When a UPS operates online, also referred to as voltage and
frequency independent UPS (VFI-UPS), continuously oper-
ating UPS, dual converter UPS and the like, the supply grid is
connected to the input of the rectifier charging the energy
store. The network to be protected or the load to be protected
are supplied from the inverter, wherein the inverter receives
the required energy from the rectifier when the supply grid is
undisturbed, meaning that the grid voltage is present at the
rectifier input, and is supplied from the energy store in the
event of a grid failure.

The AC voltage at the inverter output is generated by the
inverter from the DC voltage of the so-called DC link circuit
between the rectifier and the inverter.

For enhancing the security of supply with a VFI-UPS,; the
switching means which connects the supply grid via by the
rectifier and the inverter with the network to be protected
and/or the load to be protected, when the rectifier and the
inverter operate undisturbed, enables a so-called bypass cir-
cuit, which connects the supply grid and the network to be
protected or the load to be protected via the switching means
by bypassing the rectifier and the inverter. When a fault occurs
in the rectifier or inverter, the connected load is switched over
to this bypass and supplied with power without interruption.

The topology of an offline UPS and an online UPS may be
identical. They can mainly be distinguished by the different
position and task of the switching means. With a suitable
layout of the components of' a UPS and a suitable control, an
offline UPS can hence be converted into an online UPS and
vice a versa.

In an online UPS manufactured and distributed by the
applicant, the controller includes three control parts which are
connected via a CAN-BUS, wherein one control part is pro-
vided for controlling the rectifier, one control part for con-
trolling the inverter, and one control part for controlling the
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2

switching means. Each control part has an integrated dedi-
cated auxiliary current supply for supplying the control part
with auxiliary current. If a control part or an auxiliary current
supply powering the control part fails, then this control part is
unable to contribute supplying the grids or loads connected to
the UPS.

Moreover, sensors for measuring different electrical
parameters at the input and/or the output of the rectifier or of
the inverter or at other locations of the UPS are integrated in
each control part. To this end, each control part is connected
to the measurement locations via measuring lines. Some-
times, high voltages may be present at the measuring lines
which may be exposed to disturbance sources, which may
cause faulty measurement results unless adequate measures
are taken to prevent a disturbance of the measurement.

BRIEF SUMMARY OF THE INVENTION

It is therefore the object of the invention to improve an
arrangement for an uninterruptible power supply of the afore-
described type so as to increase the reliability and reduce the
susceptibility to disturbances. In particular, the susceptibility
of the measurement of electrical parameters to disturbances
should also be reduced.

This object is attained with an arrangement according to
the invention having sensors for measuring voltages and/or
currents, wherein each sensor can be connected via a sensor
output of the sensor with exactly one control part and wherein
a parameter to be measured can be converted with each sensor
into a low-voltage signal, in particular a protective low-volt-
age signal, which can be supplied to the control part via a line
connecting the sensor and the control part.

At least a portion of the sensors may be arranged in pairs,
wherein the sensors of a sensor pair may be connected to
contacts or wires of the arrangement for measuring the same
electrical parameter, and wherein one sensor of a sensor pair
may be connected to the first control part and the other sensor
of a sensor pair to the second control part.

With the sensors, the voltage may be measured at the
rectifier input, at the rectifier output, at the energy store, at the
inverter input, at the inverter output, at the side of the switch-
ing means facing the supply grid and/or at the side of the
switching means facing the network to be protected or the
load to be protected. The measurement signals may be used in
the control parts for controlling the rectifier, the inverter and/
or the switching means.

The sensors may be formed from identically constructed
circuit arrangements.

The controller of a switching arrangement according to the
invention may include two control parts, which are con-
structed with redundancy at least regarding the switching
means, and by allowing control of the rectifier and the switch-
ing means by a first of the control parts and simultaneously
allowing control of the inverter and the switching means by a
second of the control parts. Alternatively, one of the control
parts or both control parts may be constructed with redun-
dancy regarding the rectifier and/or the inverter, so that the
rectifier, the inverter and the switching means can be con-
trolled simultaneously with the control part which is redun-
dant with respect to the rectifier and the inverter.

In an arrangement according to the invention, which is
different from the state-of-the-art, not three control parts are
provided, but only two. The control parts are also designed so
that at least the switching means can be controlled by each of
the control parts, and optionally the rectifier, the inverter and
the switching means can also be controlled by one of the
control parts or by each of the control parts. Essentially, a
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single control part may be sufficient for operating the arrange-
ment. With the redundancy provided by the invention, a
higher lever of reliability is attained, although compared to
the state-of-the-art the number of control parts is reduced.

Advantageously, the control parts are formed by identi-
cally constructed circuit arrangements, even if the control
parts are not provided to control the inverter, the rectifier or
the switching means. It can thereby be ensured that both
control parts can assume the control of at least the switching
means and optionally of the inverter, rectifier and the switch-
ing means. In addition, the manufacture of the arrangement is
simplified by using identical circuit arrangements.

The control parts may be programmed, whereby program-
ming of the control parts may be different in that, when the
first control part is undisturbed, at least the rectifier can be
controlled by the first control part of the two control parts, and
that, when the second control part is undisturbed, at least the
inverter can be controlled by the second control part of the
two control parts. The rectifier or the inverter can be associ-
ated with each control part with suitable programming,
wherein the control part controls the associated component
when the controller is operates undisturbed. In addition, the
switching means and/or the other component may also be
associated with the control part when, for example, the other
control part fails.

By associating the rectifier with the first control part and
the inverter with the second control part, when the controller
is undisturbed, it can be ensured, when the controller is undis-
turbed, that the control parts are not fully loaded, in particular
thermally loaded, which increases the service life of the cir-
cuit components.

When the first control part is disturbed, the inverter and the
switching means and optionally the rectifier may be con-
trolled by the second control part, and when the second con-
trol part is disturbed, the rectifier and the switching means and
optionally the inverter may be controlled by the first control
part.

A circuit arrangement according to the invention may have
at least two means for supplying auxiliary current, wherein
each means for providing auxiliary current is connected to an
input of the first control part for receiving the auxiliary cur-
rent and with an input of the second control part for receiving
the auxiliary current, thereby supplying electrical energy to
the control parts.

A circuit arrangement according to the invention may have
at least two means for supplying auxiliary current, namely a
first and a second means for supplying auxiliary current, with
each means having two outputs. An auxiliary voltage may be
tapped at the outputs. A first of the two outputs of the first and
the second means for supplying auxiliary current may be
connected to an input of the first control part for receiving
auxiliary current and a second of the two outputs of the first
and the second means may be connected to an input of the
second control part for receiving auxiliary current.

The two outputs of the means for supplying auxiliary cur-
rent are preferably decoupled from one another such that
when one output is disturbed, for example by a short-circuit,
the other output of the same means for supplying auxiliary
current remains unaffected. In addition, the two inputs of the
control parts are preferably also decoupled such that a distur-
bance at one input for supplying auxiliary current does not
affect the other input of the same control part.

A circuitarrangement according to the invention may alter-
natively have at least two means for supplying auxiliary cur-
rent, each having one output supplying an auxiliary voltage,
wherein each output of a means for supplying auxiliary cur-
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rent is connected to an input of the first control part for
receiving auxiliary current and with an input of the second
control part.

Unlike in conventional arrangements, several means for
supplying auxiliary current which are separate from the con-
troller are provided. The means for supplying auxiliary cur-
rent are, unlike in the state-of-the-art, also no longer associ-
ated with a specific control part and are not integral parts of
the control parts. The control parts of the invention are there-
fore also not exposed to a comparatively high voltage which
is present at an input of the auxiliary current supply and which
is also present on the control part in conventional control parts
with an integral auxiliary current supply. Instead, each means
for supplying auxiliary current is able to supply auxiliary
energy to the first control part and/or the second control part.
The auxiliary current supply is hence also configured with
redundancy. Advantageously, when the auxiliary current sup-
ply is undisturbed, both means for producing auxiliary cur-
rent are operated so as to supply only halfthe required power,
which reduces the load on the means for supplying auxiliary
power, in particular the thermal load, and hence results in a
longer service life of the means for supplying auxiliary cur-
rent.

Advantageously, the means for supplying auxiliary current
are identically constructed circuit arrangements, thereby sig-
nificantly simplifying the manufacture of the arrangement of
the invention.

Each means for supplying auxiliary current may have a first
input, a second input and a third input, and optionally a fourth
input. The means may be connected via these inputs to the
rectifier input, the inverter output, the energy store or the input
of'the switching means. Auxiliary current may be supplied to
the means for supplying auxiliary current via each of the three
or four inputs.

The control parts are preferably connected to one another
by a communication bus, for example a CAN bus.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING(S)

Additional features and advantages of the invention will
now be described with reference to the following description
of an exemplary embodiment, which shows in:

FIG. 1 a schematic diagram of an online UPS according to
the invention.

DETAILED DESCRIPTION OF THE INVENTION

The UPS according to the invention is illustrated in FIG. 1
in a single-pole representation, i.e. only a phase conductor of
the UPS is shown, but not a neutral conductor ofthe UPS. The
DC voltages are also not shown in a two-pole representation.

The UPS according to the invention includes a rectifier 1,
an energy store 2, an inverter 3, and a switching means 4. An
input of the rectifier 1 is connected to a supply grid AC1. An
output of the rectifier 1 is connected, on one hand, to the
energy store 2 and, on the other hand, to an input of the
inverter 3. An output of the inverter 3 is connected to a
network AC3 to be protected.

Depending on the switch position, the switching means 4
can connect the supply grid AC1 with the network AC3 to be
protected. When the rectifier 1 and the inverter 3 operate
undisturbed and when the supply grid AC1 is also undis-
turbed, the network AC3 to be protected is supplied with
electric energy via the rectifier 1 and the inverter 3. The
switching means interrupts the direct connection between the
supply grid AC1 and the network AC3 to be protected. At the
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same time, electric energy is supplied to the energy store 2 via
the rectifier 1 from the output of the rectifier 1.

When the supply of the network AC3 to be protected from
the supply grid AC1 via the rectifier 1 and the inverter 3 is
interrupted due to a malfunction of the inverter 3 and when the
supply grid AC1 is simultaneously undisturbed, the direct
connection between the supply grid AC1 and the network
AC3 to be protected is established via the switching means 4.
Power is then supplied by bypassing the rectifier 1 and the
inverter 3.

Conversely, when the supply grid AC1 is disturbed and at
least the energy store 2 and the inverter 3 are undisturbed, the
switching means 4 is preferably open and the network to be
protected is receives power via the inverter 3 from the energy
store 2.

Lastly, when the supply grid AC1 as well as the energy
store 2 or the inverter 3 are disturbed, the supply of the
network AC3 to be protected is interrupted.

So far, the UPS according to the invention corresponds to a
conventional online UPS.

The UPS according to the invention is different from a
conventional UPS, as described at the beginning, due to a
novel architecture of a controller, an auxiliary current supply
and an acquisition of measurement values.

The novel controller is formed by a first control part 5 and
a second control part 6. The control parts 5, 6 are formed by
circuit arrangements arranged on circuit carriers. The circuit
arrangements are preferably constructed identically and dif-
fer from one another only in their programming, wherein they
can be programmed by selecting individual components, by
way of switch positions or by jumpers.

The control parts 5, 6 are configured for controlling the
rectifier 1, the inverter 3 and the switching means 4. The
control parts 5, 6 are hereby connected via lines to all three
components, the rectifier 1, the inverter 3 and the switching
means 4.

The three components 1, 3, 4 or only two components of
the UPS can be controlled simultaneously. However, alterna-
tively only a single of the components 1, 3, 4 may be con-
trolled.

With programming the control parts 5, 6, for example the
first control part 5 may control at least the rectifier 1 when the
control part 5 is undisturbed. Alternatively, the second control
part 6 may control at least the inverter 3 when the control part
6 is undisturbed.

As soon as one of the two control parts 5, 6 fails, the other
control part 6, 5 can fully assume the function of the failed
control part 5, 6 with respect to the switching means 4.

To enable communication between the one control part 5
with the other control part 6, the two control parts 5, 6 are
connected to one another via a bus, preferably via a CAN bus
7.

Electrical energy for operating the two control parts 5, 6 is
supplied to the two control parts 5, 6 from an auxiliary current
supply. The auxiliary current supply is formed by two means
8, 9 for supplying auxiliary current. The two means 8, 9 for
supplying auxiliary current are constructed identically. They
each have an output which provides the electrical energy
required for operating the control parts 5, 6.

The means 8, 9 for providing auxiliary current obtain the
electrical energy, depending on availability, from the supply
grid AC1, the network AC3 to be protected or the energy store
2. To this end, the two means 8, 9 for providing auxiliary
current are connected via inputs and lines with the supply grid
AC1, the network AC3 to be protected, and the energy store 2.

The means 8, 9 for providing auxiliary current are config-
ured to supply power simultaneously to the first control part 5
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and the control part 6. The means 8, 9, however, are preferably
configured by programming such that they each provide only
half of the power that is simultaneously consumed by the two
control parts 5, 6. The means 8, 9 for providing auxiliary
current, when undisturbed, are then loaded only to half of the
nominal power, which increases the service life of the means
8, 9 for supplying auxiliary current as compared to a higher
load.

Lastly, the two control parts 5, 6 are connected to sensors
10 which are configured to measure electrical parameters at
the input and/or the output of the rectifier 1 and/or of the
inverter 3, at the energy store 2 or at the switching means 4,
and to convert the electrical parameters into an electrical
low-voltage signal. These low-voltage signals are supplied to
the control parts 5, 6 via lines. The low-voltage signals are
processed in the control parts 5, 6 to control the rectifier 1, the
inverter 3, and/or the switching means 4 or to check the state
of'the rectifier 1, the energy store 2, the inverter 3, and/or the
switching means 4 and to determine malfunctions.

The sensors 10 are partially arranged in pairs, wherein the
sensors 10 of a pair measure the same electrical parameter.
While one sensor 10 of a pair is associated with one control
part 5, the other sensor 10 of a pair is connected to the other
control part 6, so that the same electrical parameter is pro-
vided to both control parts 5, 6. The sensors therefore also
have redundancy.

The sensors 10 are preferable constructed identically.

The invention claimed is:

1. A single uninterruptible power supply unit comprising:

a rectifier (1) having a rectifier input and a rectifier output,

an energy store (2) for storing electrical energy,

an inverter (3) having an inverter input and an inverter

output,

a switch (4), and

a controller having a first control part (5) and a second

control part (6), the first and second control parts are
constructed with redundancy,

wherein the rectifier input is connected to a first supply grid

(AC1),

wherein the energy store (2) is connected to the rectifier

output and to an inverter input,
wherein a network (AC3) to be protected or a load to be
protected is connected to the inverter output of the
inverter (3),

wherein the rectifier input or a second supply grid (AC2) is
connected via the switch (4) with the inverter output, and
wherein the rectifier (1), the inverter (2) and the switch
(4) are controlled by the first and second control parts (5,
6),

and wherein the arrangement comprises a plurality of sen-
sors (10) for measuring voltages and/or currents,

wherein each sensor (10) having a sensor output and
wherein each sensor output is connected to exactly one
of the control parts (5, 6) and each sensor is configured
to convert a parameter to be measured into a low-voltage
signal.

2. The unit according to claim 1, wherein at least a portion
of the sensors (10) are associated with one another in pairs,
wherein the sensors (10) of a sensor pair are connected to
contacts or lines of the unit for measuring the same electrical
parameter, and wherein one sensor (10) of a sensor pair is
connected to the first control part (5) and the other sensor (10)
of a sensor pair is connected to the second control part (6).

3. The unit according to claim 2, wherein the sensors (10)
are configured to measure the voltage at the rectifier input, at
the rectifier output, at the energy store (2), at the inverter
input, at the inverter output, at the side of the switch facing the
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second supply grid (AC2) and/or at the side of the switch (4)
facing the network (AC3) to be protected or the load to be
protected.

4. The unit according to claim 1, wherein the sensors (10)
are identically constructed circuit arrangements.

5. The unit according to claim 1, wherein the unit com-
prises a first auxiliary current supply (8) and a second auxil-
iary current supply (9), each of the first auxiliary current
supply (8) and the second auxiliary current supply (9) having
a first output and a second output, at which an auxiliary
voltage is being tapped, wherein the first output of each of the
first auxiliary current supply (8) and the second auxiliary
current supply (9) is connected to an input for supplying
auxiliary current to the first control part (5) and the second
output of each of the first auxiliary current supply (8) and the
second auxiliary current supply (9) is connected to an input
for supplying auxiliary current to the second control part (6).

6. The unit according to claim 5, wherein the first auxiliary
current supply (8) and the second auxiliary current supply (9)
are identically constructed circuit arrangements.

7. The unit according to claim 5, wherein each of the first
auxiliary current supply (8) and the second auxiliary current
supply (9) has a first input connecting to the rectifier input, a
second input connecting to the inverter output, and a third
input connecting to the energy store (2).

8. The unit according to claim 1, wherein the rectifier (1)
and the switch (4) or the inverter (3) and the switch (4) is
simultaneously controlled by the control parts (5, 6).

9. The unit according to claim 8, wherein the control parts
(5, 6) are identically constructed circuit arrangements.
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10. The unitaccording to claim 8, wherein the control parts
(5, 6) are programmed, configured or connected to the
remaining unit via outputs, wherein the first control part (5) is
programmed, configured or connected to the remaining unit
via outputs so that, when the first control part (5) is undis-
turbed, at least the rectifier (1) is controlled by the first control
part (5), and wherein the second control part (6) is pro-
grammed, configured or connected to the remaining unit via
outputs so that, when the second control part (6) is undis-
turbed, at least the inverter (3) is controlled by the second
control part (6).

11. The unit according to claim 10, wherein the control
parts (5, 6) are programmed, configured or connected to the
remaining unit via outputs such that, when the first control
part (5) is disturbed, the inverter (3) and the switch (4) are
controlled by the second control part (6), and when the second
control part (6) is disturbed, the rectifier (1) and switch (4) are
controlled by the first control part (5).

12. The unit according to claim 8, wherein the control parts
(5, 6) are connected to one another by a communication bus.

13. The unit according to claim 8, wherein the control parts
(5, 6) are programmed, configured or connected via outputs to
the remaining unit, such that when the first control part (5) is
disturbed, the inverter (3), the rectifier (1) and the switch (4)
are controlled by the second control part (6) and/or when the
second control part (6) is disturbed, the inverter (3), the rec-
tifier (1) and the switch (4) is controlled by the first control
part (5).

14. The unit according to claim 12, wherein the communi-
cation bus is a CAN bus (8).
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